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5,664,230 
1. 

DATAPROCESSING WITH ADAPTABLE 
EXTERNAL BURST MEMORYACCESS 

TECHNICAL FIELD OF THE INVENTION 

The invention relates generally to data processing and, 
more particularly, to data processing applications wherein a 
central data processing unit Such as a microprocessor per 
forms burst memory accesses of an external memory. 

BACKGROUND OF THE INVENTION 

Data processing devices and systems are used in myriad 
applications which touch virtually every aspect of life. FIG. 
1 illustrates at 10 part of a conventional data processing 
system including a CPU or microprocessor 11 and an 
external memory 13 such as, for example, SRAM or DRAM. 
In response to a request from the microprocessor 11, the 
external memory 13 provides the CPU 11 with an N-byte 
burst of data, which data is transmitted to the CPU 11 via bus 
15. The desired portion of the N-byte data burst is input to 
the core 17 of CPU 11, and the entire N-byte data burst is 
stored in an N-byte wide cache 19. 

FIG. 2 illustrates at 21 part of another conventional CPU. 
The CPU of FIG. 2 includes a core 23 and a K-byte wide 
cache 25, where K is less than N. The CPU of FIG. 2 thus 
could not be used in place of the CPU of FIG. 1, because the 
K-byte wide cache 25 of FIG. 2 is not wide enough to 
accommodate the N-byte bursts received from external 
memory 13 in FIG. 1. 

It is therefore desirable to provide improvements which 
permit the CPU architecture of FIG. 2 to accommodate the 
N-byte data bursts received from the external memory 13 in 
the data processing system of FIG. 1. 

According to the present invention, a buffer is provided to 
accommodate all bytes of an external memory burst which 
cannot be accommodated by the cache of the CPU. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates part of a conventional data processing 
system wherein a CPU receives burst data from an external 
memory. 

FIG. 2 illustrates part of a conventional CPU which has 
inadequate cache memory to accommodate the external 
burst cycles of FIG. 1. 

FIG. 3 is a block diagram which illustrates exemplary 
features of the present invention. 

FIG. 4 is a block diagram which illustrates the interfaces 
between the control logic and the data processing core of 
FIG.3, and between the control logic of FIG.3 and external 
memory. 

FIG.5 diagrammatically illustrates an exemplary embodi 
ment of the control logic and buffer circuitry of FIG. 3. 

FIGS. 6 and 7 are timing diagrams which illustrate the 
operation of the circuitry of FIG. 5. 

FIG. 8 illustrates an alternative modification of the cir 
cuitry of FIG. 5. 
FIG. 9 illustrates an exemplary data processing system 

according to the present invention. 

DETALED DESCRIPTION OF THE 
INVENTION 

FIG. 3 illustrates part of a data processing device or CPU 
(for example, a microprocessor) according to the present 
invention. A bus 31 is provided to connect the CPU to an 
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2 
external memory for receiving from the external memory an 
N-byte data burst. The CPU of FIG. 3 includes a K-byte 
wide cache and, recalling that K is less than N, the cache of 
FIG. 3 cannot accommodate the N-byte burst received on 
bus 31. Bus 31 is connected to an L-byte buffer 35 where L 
is equal to or grater than (N-K), and to control logic 37, and 
to one data input of a multiplexer 39. The other data input 
of multiplexer 39 is connected to an output 41 of the buffer 
circuitry 35. The data output 45 of multiplexer 39 is con 
nected to the cache 33 and a data processing core 43. The 
cache 33 provides data to the core 43 via a bus 47. The 
control logic 37 provides control to the cache 33, the buffer 
circuitry 35, the data processing core 43 and the multiplexer 
39 via a control bus 49. The control logic 37 is also 
connected to bus 31 for communication with external 
memory. 
When an N-byte burst from external memory occurs on 

bus 31, the control logic 37 provides the desired part of the 
burst to core 43, causes K bytes of the burst to be stored in 
the cache 33, and causes the remaining N-K bytes to be 
stored in the buffer 35 instead of in cache 33. Thus, it 
appears to the external system that the arrangement of FIG. 
3 handles the N-byte burst in the same manner as the N-byte 
wide cache of FIG. 1. 
The FIG.3 arrangement can accommodate bursts of up to 

K+L bytes. Thus, for a given cache width K, the larger the 
buffer size L, the larger the range of burst sizes beyond K 
that can be accommodated. This provides a single, flexible 
and adaptable CPU that can be used in any one of various 
data processing systems which have different burst sizes up 
to K+L bytes. 

FIG. 4 illustrates exemplary signals involved when the 
CPU of FIG.3 performs an external memory access. When 
the data processing core logic 43 requires data, either an 
operand or an instruction, it issues to control logic 37 via bus 
49 an internal request I REQ for the desired data. If the 
desired data is not present in the cache 33, then the control 
logic37 issues to the external memory via bus 31 an external 
request E REQ for the desired data. When the control logic 
37 receives an external response E RESP from external 
memory, an internal response I RESP is issued from con 
trol logic 37 to the core logic 43 via bus 49 to indicate that 
the desired operand or instruction is available from external 
memory on bus 31. 

FIG.5 shows an exemplary implementation of the control 
logic 37 and buffer circuitry 35 of FIG. 4. The internal 
request I REQ from core 43 is received at control logic 37 
along with a corresponding internal address I ADDR which 
is the address in the system memory map of the desired 
operand or instruction. The internal address is input to cache 
compare logic 51 along with the internal request which 
triggers the cache compare logic to compare the internal 
address requested by core 43 to the addresses associated 
with the data stored in cache 33. If a cache hit occurs, then 
the control logic 37 accesses cache 33 in the conventional 
manner to provide the requested data to the core 43 via bus 
47. The details of such a conventional cache access are Well 
known in the art and have therefore been omitted for the 
sake of clarity. 

Referring again to FIG.3, for descriptive purposes only it 
will be assumed herein that N=16 and K-4, thus yielding a 
16 byte burst from external memory, and a 4 byte wide cache 
33, and requiring at least a 12 byte buffer 35. It is also 
assumed for descriptive purposes only that the 16 byte burst 
takes the form of 4 doublewords, each doubleword being 4 
bytes long. In the disclosed example, for each 16 byte burst 



5,664,230 
3 

from external memory, one 4 byte doubleword is provided 
to the core 43 and to the 4 byte wide cache 33, and the 
remaining three 4 byte doublewords are stored in the buffer 
circuitry 35. 

In FIG.5, whenburst control logic 53 receives the internal 
request from core 43 while an external burst access is in 
process, then burst control logic 53 outputs a signal 55 to set 
a flip-flop 57. The data output of flip-flop 57 is 
I REQ&BURST, which indicates that an internal request 
has been received from core 43 while a burst access of 
memory is in process. I REQ&BURST is input to an AND 
gate 59 inverter 61, the output of inverter 61 being input to 
AND gate 63. In the EXT CYC input of burst control logic 
53 is active, the burst control logic 53 initiates and performs, 
via busses 58 and 31, a burst access of external memory 
beginning at external address EXT ADDR. The double 
word ready sidW RDYoutput from burst control logic 53 
indicates which doubleword of the 4 doubleword burst is 
currently available on the bus 31. This doubleword ready 
signal is decoded by decoder 71 into 4 outputs, one for each 
doubleword. The output 73 from decoder 71 is active when 
the first doubleword is available, and thus provides the 
internal response signal I RESP to core 43 via OR gate 75. 
Because each external burst access is performed as a reset of 
a cache miss of an internal address, the first doubleword of 
the burst access will correspond to the internal address 
I ADDR, that is, the internal address specifies the address 
of a 16 byte line and also specifies a doubleword within the 
16 byte line. The burst access then appends second, third and 
fourth doublewords to complete the 16 byte burst. So, when 
the first doubleword is ready, the decoder 71 drives OR gate 
75 to provide the internal response signal to the core 43, with 
the multiplexer configured to connect bus 31 to core 43. 
When the first doubleword is written into the core 43, it is 
so written into the cache 33 as is conventional in the art. 
When the second doubleword of the burst is received, the 

burst controller 53 activates via control bus 54 the input 
control of buffer 35A to receive therein the second double 
word from bus 31. The burst control logic 53 similarly 
controls buffers 35B and 35C to receive the third and fourth 
doublewords, respectively, as they become available on bus 
31. It is therefore seen from FGS. 3 and 5 that the first 
doubleword of the 4 doubleword burst is provided to the 
core 43 and the cache 33, and the second, third and fourth 
doublewords of the burst are respectively stored in buffers 
35A, 35B and 35C of buffer circuitry 35. 

It should also be noted that valid bit V2 is set by burst 
control logic 53 via control bus 56 when the second double 
word is input to buffer 35A, valid bit V3 is set by burst 
control logic 53 when the third doubleword is input to buffer 
35B, and valid bit V4 is set when the fourth doubleword is 
input to buffer 35C. Burst control logic 53 clears all three 
valid bits V2, V3 and V4 upon initiation of a new external 
3CCCSS. 

Assuming now that no burst access is currently in 
progress, and the first doubleword of the most recent burst 
access has been received in the core 43 and the cache 33, and 
the second, third and fourth doublewords of the most recent 
burst access are stored in buffer circuitry 35, if the core 43 
issues another internal request with an internal address 
corresponding to, for example, the third doubleword of the 
most recent burst access, that is, the doubleword currently 
stored in buffer 35B, then the cache compare logic 51 will 
indicate a cache miss. Because no burst is currently in 
progress, the miss signalis disqualified at AND gate 59, and 
flip-flop 79 remains cleared by virtue of the internal 
response signal I RESP which occurred at the end of the 
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4 
last burst access. The miss signal causes the internal address 
to be latched at 65 and compared to the most recent external 
address accessed by burst control logic 53, which is output 
from logic 53 at 69. The comparator circuitry 67 compares 
the 16 byte line address of the current internal address at the 
output of latch 65 with the 16 byte line address of the most 
recently accessed external address. If the 16 byte line 
addresses match, then the HIT output of comparator cir 
cuitry 67 is driven high. 
The comparator circuitry 67 also determines whether the 

doubleword requested by the current internal address 
sequentially follows doubleword requested by the most 
recently accessed external address, and if so sets its SEQ 
output high. In the present example, the address 68 latched 
at the output of 65 has a 16 byte line address which matches 
the 16 byte line address of the address at 69, but the address 
at 68 requests the third doubleword whereas the address at 
69 requested the fourth doubleword. Thus, the HIT output of 
comparator circuitry 67 is driven high while the SEQ output 
is driven low. Decoding circuitry 81 decodes the doubleword 
identifier portion of the internal address 68. Outputs 83, 85 
and 87 of decoding circuitry 81 are respectively driven high 
when the second, third and fourth doublewords are 
requested in the internal address 68. In the present example, 
the third doubleword is requested, so output 85 is driven 
high. With valid bit V3 also high (the third doubleword 
having been previously stored in buffer 35B), AND gate 91 
drives the output of OR gate 95 high. The high output of OR 
gate 95, combined with the high HIT signal from comparator 
circuitry 67, drives the output of AND gate 97 high. The 
output of AND gate 97 drives AND gates 99, 101 and 103. 
Because 101 is also driven by decode output 85, the output 
of AND gate 101 is driven high, thereby causing buffer 35B 
to output the third doubleword stored therein onto the buffer 
output 41, while also causing the internal response signal 
I RESP to be driven high via OR gate 75. The high output 
from AND gate 97 also drives the control input 40 of 
multiplexer 39, thereby selecting the output 41 of buffer 
circuitry 35 to be input to the core 43 and the cache 33. The 
high output from AND gate 97 is inverted at 105 to drive the 
output of AND gate 63 low, thereby ensuring that both 
inputs of OR gate 107 are low (flip-flop 79 remains cleared) 
so that EXT CYC remains low and no new external burst 
cycle request E REQ is initiated by burst control logic 53. 
As another example, assume that the core 43 issues an 

internal request for the second doubleword (doubleword 2) 
of a given 16 byte line while an external burst access 
initiated by an earlier internal request for the first double 
word (doubleword 1) of the same 16 byte line is still in 
progress. Assume further that the internal request for 
doubleword 2 occurs after doubleword 2 has been received 
in the current burst access. This situation is illustrated in 
FIG. 7. The first internal request I REQ in FIG. 7 is for 
doubleword 1, which internal request has resulted in a cache 
miss and has thus generated an external request E REQ for 
doubleword 1. The external memory responds (E RESP) 
by providing a burst including doublewords 1, 2, 3 and 4. 
When doubleword 1 is available from external memory, the 
core 43 is provided with the internal response I RESP for 
doubleword 1, as shown in FIG. 7. By the time the second 
internal request, namely the internal request for doubleword 
2, occurs in FIG. 7, doubleword 2 has already occurred in the 
burst access and has been input into buffer 35B. 

In this example, the new instruction request occurs during 
a current burst access, so flip-flip 57 is set, thereby quali 
fying the cachemiss signal at the input of AND gate 59, thus 
setting flip-flop 79. Also, the output of AND gate 63 is 
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driven low via the operation of inverter 61. When the 
internal address for doubleword 2 at 68 is compared to the 
most recent external address 69, the HIT output of com 
parator circuit 67 is driven high but the SEQ output of 
comparator circuit 67 is driven low, because the most 
recently accessed external address was also doubleword 2. 
Decoder circuit 81 decodes doubleword 2 from the internal 
address at 68, thereby driving output 83 high, and with valid 
bit V2 also high, the output of AND gate 89 is driven high, 
thus driving the output of AND gate 97 high via OR gate 95 
and the high logic level on the HIT output from comparator 
circuit 67. The high output from AND gate 97 selects the 
buffer output 41 to pass through multiplexer 39, and also 
combines with the high decoder output 83 to drive the output 
of AND gate 99 high, whereby doubleword 2 in buffer 35A 
is output to the buffer output 41 and the internal response 
signal I RESP is driven high via OR gate 75. Thus, double 
word 2 is provided to the core 43 and the cache 33. As shown 
in FIG. 7, the external burst access continues while double 
word 2 is provided to core 43 and cache 33 from buffer 35A 
through multiplexer 39. Because doubleword 2 has already 
been received in the burst access and stored in the buffer 
35A, it is immediately available when requested by internal 
request from core 43, as shown in FIG. 7 by the internal 
response for doubleword 2 immediately following the inter 
nal request I REQ for doubleword 2. 

FIG. 6 illustrates an exemplary situation wherein, during 
the course of an external burst access and after an internal 
request I REQ for doubleword 1 of a given 16 byte line 
address has been responded to but before doublewords 2, 3 
or 4 have become available from external memory, the core 
43 issues arequest for doubleword 2 of the same 16 byte line 
address. In this instance, both the HIT and SEQ outputs of 
comparator circuitry 67 will be driven high. Decoder output 
83 will also be driven high because doubleword 2 is 
requested, but valid bitV2 associated with doubleword 2 has 
not yet been set because doubleword 2 has not yet been 
received. Thus, the output of AND gate 97 is low, causing 
the control input 40 of multiplexer 39 to select bus 31 for 
connection to output 45 of multiplexer39. With both the HIT 
and SEQ signals high, the output of AND gate 111 is driven 
high, thus qualifying at AND gate 113the output of a change 
detecting circuit 115. The change detecting circuitry 115 is 
connected to the output of decoder circuitry 71 and detects 
any change in the 4 bit output of decoder circuitry 71. 
Recalling from FIG. 6 that doubleword 1 has already been 
received and applied to the core 43 and cache 33, the next 
change in the output of decoder 71 will occur when double 
word 2 is available. Thus, the output 117 of change detecting 
circuitry 115 will be driven high when doubleword 2 is 
available on bus 31, whereby the internal response to core 43 
will be activated via OR gate 75, so that doubleword 2 is 
provided to core 43 and cache 33 directly from bus 31 
through multiplexer 39, while simultaneously being input to 
buffer 35A. 
The internal response I RESP clears flip-flop 79, thus 

preventing AND gate 109 from initiating a new burst cycle 
when burst control logic 53 issues the DONE signal to 
indicate that the current cycle is done. The internal response 
I RESP also clears flip-flop 57 via OR gate 119. 

If the second internal request in FIG. 6 had been an 
internal request for doubleword 3, then the SEQ output of 
comparator 67 would be driven low, and the valid bit V3 
would be low, thus preventing the control logic 37 from 
responding to the internal request during the current burst 
cycle. Instead, the cache miss signal and the 
I REQ&BURST signal would be high, thus setting flip-flop 
79 via AND gate 59 so that when the current burst access is 
completed and the burst control logic 53 issues the DONE 
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6 
signal, the output of AND gate 109 is driven high to thereby 
drive the output of OR gate 107 high, which latches the 
internal address 68 through latch 121 to the external address 
input of burst control logic 53. The high output of OR gate 
107 indicates to burst control logic 53 that an external burst 
cycle beginning at address EXT ADDR is required. 

If an internal request REQ results in a cache miss while 
no burst cycle is in progress (I REQ&BURST is low), and 
if the requested data is not in buffer 35 (output of AND gate 
97 is low), then AND gate 63, OR gate 107 and latch 121 
operate to cause burst logic 53 to initiate an external burst 
cycle beginning at the desired address, namely EXT 
ADDR. 

Referencing FIG. 3, because the data path from buffer 35 
to core 43 and cache 33 does not involve bus 31, control 
logic 37 is advantageously able to perform transfers from 
buffer 35 to core 43 and cache 33 using the same on-chip 
clock rate that is conventionally used for transfers from 
cache 33 to core 43. The on-chip clock rate is typically at 
least twice as fast as the clockrate conventionally associated 
with transfers on bus 31. 
When an external burst access occurs in FIGS. 3-5, only 

the one doubleword requested by the core 43 is stored in the 
cache 33, the other doublewords of the burst being stored in 
buffer 35. In contrast, in prior art FIG. 1 (and assuming 
N=16) all four doublewords from the external burst access 
are stored in cache 19. Thus, in the worst case in FIG. 1, 
three unused doublewords are stored in cache 19, which 
disadvantageously decreases the hit rate of cache 19, 
whereas in FIG. 3-5 there are never unused doublewords in 
cache 33. 

FIG. 8 illustrates the use of two buffer circuits such as 35, 
one for operands and one for instructions, so that, for 
example, previously bufferred instructions need not be 
flushed when fetching operands from external memory. The 
controllines at 54 and 56 are switched into connection with 
the desired buffers and valid bits by a de-multiplexing circuit 
130. The valid bits associated with operand doublewords are 
designated OV2, OV3 and OV4 in FIG. 8, and the valid bits 
associated with instruction doublewords are designated IV2, 
TV3 and IV4 in FIG.8. The OP/INST control signal in FIG. 
8 is high when operands are being fetched and low when 
instructions are being fetched, and may be generated by 
burst control logic 53. 

FIG. 9 illustrates an exemplary data processing system 
135 according to the present invention. The CPU incorpo 
rates the features described above with respect to FIGS. 3-5, 
and the remaining components of the system 135 of FIG.9 
are well known and commonly found in data processing 
Systems, for example, personal computer systems. As 
described above, the present invention permits a CPU with 
a given cache width to interface with external system 
memory which provides data in bursts that are larger than 
the cache width, and the fact that the burst size exceeds the 
cache width of the CPU is transparent to the components of 
the system external to the CPU. 

Although exemplary embodiments of the present inven 
tion are described above, this description does not limit the 
scope of the invention, which can be practiced in a variety 
of embodiments, 
What is claimed is: 
1. A data processing device, comprising: 
a data processing core; 
a cache connected to said core and having a cache width; 
abus for receiving a burst of information which originates 

externally of Said data processing device and which has 
a width that exceeds said cache width by a width 
difference; 

Said cache coupled to said bus to take therefrom and store 
a first portion of the burst which is equal in width to 
said cache width; and 
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a storage circuit coupled to said bus to receive and store 
a second portion of said burst corresponding to said 
width difference, said storage circuit having an output 
coupled to said core. 

2. A data processing device, comprising: 
a data processing core; 
a cache connected to said core and having a cache width; 
a bus for receiving a burst of information which originates 

externally of said data processing device and which has 
a width that exceeds said cache width by a width 
difference; 

said cache coupled to said bus to take therefrom and store 
a first portion of the burst which is equal in width to 
said cache width; 

a storage circuit coupled to said bus to receive and store 
a Second portion of said burst corresponding to said 
width difference; 

a signal path extending from an output of said storage 
circuit to said core and said cache; and 

control logic having an output which is connected to said 
storage circuit and which signals said storage circuit to 
output onto said signal path a part of said second 
portion of said burst for transfer of said part to saidcore 
and said cache while said second portion of said burst 
is still being received by said storage circuit. 

3. A data processing device, comprising: 
a data processing core; 
a cache connected to said core and having a cache width; 
abus for receiving a burst of information which originates 

externally of said data processing device and which has 
a width that exceeds said cache width by a width 
difference; 

said cache coupled to said bus to take therefrom and store 
a first portion of the burst which is equal in width to 
said cache width; and 

a storage circuit coupled to said bus to receive and store 
a second portion of said burst corresponding to said 
width difference, said storage circuit having an output 
coupled to said core, said storage circuit including a 
first storage portion for storing said second portion of 
the burst when the burst is an operand burst, and said 
Storage circuit including a second storage portion for 
storing said second portion of the burst when the burst 
is an instruction burst. 

4. A data processing device, comprising: 
a data processing core; 
a cache connected to said core and having a cache width; 
abus for receiving a burst of information which originates 

externally of said data processing device and which has 
a width that exceeds said cache width by a width 
difference; 

said cache coupled to said bus to take therefrom and store 
a first portion of the burst which is equal in width to 
said cache width; 

a storage circuit coupled to said bus to receive and store 
a Second portion of said burst corresponding to said 
width difference; and 

a signal path extending from an output of said storage 
circuit to said core and operable to transfer information 
from said storage circuit to said core at a first transfer 
rate that is faster than a second transfer rate associated 
With information transfers on said bus. 

5. A data processing device, comprising: 
a data processing core; 
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8 
a cache connected to said core and having a cache width; 
abus for receiving a burst of information which originates 

externally of said data processing device and which has 
a width that exceeds said cache width by a width 
difference; 

said cache coupled to said bus to take therefrom and store 
a first portion of the burst which is equal in width to 
said cache width; 

a storage circuit coupled to said bus to receive and store 
a Second portion of said burst corresponding to said 
width difference; 

a signal path extending from an output of said storage 
circuit to said core; and 

said storage circuit including a valid bit which, when 
active while said burst is in progress on said bus, 
indicates that part of said second portion of said burst 
is accessible at said output of said storage circuit for 
transfer to said core via said signal path while said burst 
is still in progress. 

6. A data processing device, comprising: 
a data processing core; 
a cache connected to said core and having a cache width; 
a bus for receiving information which originates exter 

nally of said data processing device and which is 
provided in bursts that are wider than said cache width 
by a width difference; 

said cache coupled to said bus to take therefrom and store 
a first portion of the burst which is equal in width to 
said cache width; 

a storage circuit coupled to said bus to receive and store 
a second portion of said burst corresponding to said 
width difference, said storage circuit having an output 
coupled to said core; and 

control logic having an input connected to said core to 
receive therefrom requests for information, said control 
logic coupled to said bus and having an output which, 
if information requested by said core during a first said 
burst is unavailable from said cache and said storage 
circuit, requests a second said burst after completion of 
said first burst, said second burst including the infor 
mation that was requested by said core during said first 
burst, 

7. A data processing device, comprising: 
a data processing core; 
a cache connected to said core and having a cache width; 
a bus for receiving information which originates exter 

nally of said data processing device; 
control logic having an input connected to said core to 

receive from said core a request for information, said 
control logic having an output which is coupled to said 
bus and which, in response to a request from said core 
for a unit of information having a width equal to said 
cache width, requests an externally-originated burst of 
information which includes said requested unit of infor 
mation and which has a burst width that exceeds said 
cache width by a width difference; 

said cache coupled to said bus to take therefrom and store 
said requested unit of information; and 

a storage circuit coupled to said bus to receive and store 
a portion of said burst corresponding to said width 
difference so that only said requested unit of informa 
tion is stored in said cache, said storage circuit having 
an output coupled to said core. 
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